. -
~ ~ furm Approved
REPORT DOCUMENTATION PAGE OMN No 004 0188
Hubliy teymirtioby anert- ry Fong 3o o atlers Breeny Bt oy Bt 13 e pe 1 e prve e e lestoseg e dune 1ivg emyrsnerng IR Peeee el gt ate LIy Y At wUsE N
stlvepirep i mRE iy s ehgta newdadg, Jeut Cepietling and v ta disetn ol inbamating et MR f8 g Phes DU e Ntue e s iy cther ‘“u!'rl RS
:.';.m.".m ol W At e e At iens Lo padty i g s arden e B N O R LA R R R LR LT TR 1] fose vinmmatend 130er Vieens nnrd by ,_..‘",.". 12 1S inBarqan
Iraves Dy I LIS, ey yeen, & 22200 3107 A 1 1 s [0 AL ement u rk et geranr e T Mg L1040 DT, Waddumegtin ¢ iR

2. REPORY DATE
November 1996

1. AGENCY USE ONLY (Leave blank]

3. REPORT TYPE_ANI) DATES COVERED
Final Technical Report " “{1./1 /92-8/31/9¢

% TITLE AND SUBTITLE

and Compton Profile Spectroscopies

Organic Superconductivity Studied by using Positron Annihilation

S. FUNDING NUMBERS

b1763D

6. AUTHOR(S)

3¢/3Y JRS

Professor Yanching Jerry Jean

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

University of Missouri - Kansas City
5100 Rockhill Road
Kansas City, MO 64110

AFOSR-TR-9¢
OSg

10. SPONSQRING / MONITORING
AGENCY REPORT NUMBER

3, SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES}

AFOSR/E VE

Building 115, Physics and Electronics
110 Duncan Ave.

Bolling AFB, DC 20332-0001

11. SUPPLEMENTARY NOTES

F49620-92-J-0521

123. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

. Unlimited 2 pore PO 3

T ralanaa;

13, ABSTRACT (Maximum 200 words)

Organic superconductivity was studied by positron annihilation spectroscopy, positron annihilation
lifetime (PAL), and two-dimensional angular correlation of annihilation radiation (2D-ACAR). The
positron-electron momentum densities of ET-based organic superconductors were measured at room
temperature using the 2D-ACAR method. The folded electron densities were found to be in accord
with the Fermi surface predicted by a first-principles method using orthogonalized-linear-
combination-of-atomic orbitals. Positron lifetimes of ET-based organic superconductors were
measured as a function of temperature between 1.5K and 300K. A change of electronic density as
indicated from the lifetime results was found at the superconducting transition temperature. It was
found to be difficult to obtain a good Compton profile at this stage due to the lack of large crystal of
organic superconductors. The obtained positron annihilation experimental results, along with
theoretical calculations, could be useful in providing clues to search for new organic superconductors

in the future.
BTIC QUALITY INSPECTED 2

15. NUMBER OF PAGES

14
16. PRICE COOE

T2, SUBJECT TERMS
organic superconductor, positron annihilation, Fermi surfaces, momentum
density, 2D-ACAR, electronic structure

SECURITY CLASSIFICATION
OF REPORT

UNCLASSIFIED

17.

T8, SECURITY CLASSIFICATION
OF THIS PAGE

UNCLASSIFIED

. SECURITY CLASSIFICATION
OF ABSTRACT

UNCLASSIFIED

20. LIMITATION OF ASSTRACY

NSN 7520-01-280-5500

Form 298 (Rev. 2-89)

Standardy Qs st LA

prescribed B
148.102



Table of Contents

Introduction
Sample Preparation

2D-ACAR Experiments

IV.  Theoretical Calculations and the Fermi Surface
V. Positron Lifetime Experiments and Calculations
VI.  Other Research Activities

References

Figures

VII. Data Summary

A. Publication
Presentation

B
C. Graduate Students
D

Awards

19961122 0%

11

11

11

12

12




Content of Final Technical Report for AFOSR

PI: Y. C. Jerry Jean, University of Missouri - Kansas City
Grant # F49620-92-J-0521
Period: 11/1/92 - 8/31/96
Total Amount: $236,394

I. Introduction

The main objectives of this research project were: (1)
to study the electronic properties of organic superconductors,
and (2) to use the obtained electronic properties to provide
some clues to search for new organic superconductors. Five
research activities were performed in the project: (1)
prepared organic superconductors in our laboratory at the
University of Missouri - Kansas City (UMKC); (2) obtained
positron-electron momentum densities in organic
superconductors; (3) obtained positron lifetimes across the
superconducting transition temperature (T.) 7 (4) performed a
first-principles band calculation and predlcted the Fermi
surface; and (5) attempted experiments of the Compton profile
and of K;Cgy.

IT. Sample Preparation

Three organic superconductors (0S) were studied in this
project. Their properties are listed in Table I below.

Table |. Organic Superconductors Studied in this Project

oS T, Structure a(d) b(A) c(A)
x~(BEDT-TTF),Cu(NCS), 104 K monoclinic/P2, 16.25 8.440 13.12
x-(BEDT-'ITF)ZCu[N(CN)Z]Br 116K orthorhombic/Pnma | 12.98 29.98 8.48
A-(BETS),GaCl, 75K triclinic/P, 16.17 18.61 | 6.608

These three 0S were discovered by other groups (1,2, 3]
The structure of one, k- (BEDT-TTF)ZCu[N(CN) ]Br, is shown in
Figure 1. These 0OS samples were acquired from Kyoto
University [1], Argonne National Labs [2], and the University
of Indiana [3] for positron annihilation experiments. These
crystals were well characterized by these institutions.

An electrocrystallization apparatus was installed at UMKC
as described in the literature [4]. Using this set-up, the 0S
k- (BEDT-TTF),Cu(NCS), was successfully synthesized. The size
of crystal was about 2 mm x 2 mm x 0.1 mm. The T, was
determined to be 7.2 K using the magnetization measurement at
the University of Houston. The magnetization curve is shown
in Figure 2. With this success, future development of
synthesis of organic superconductors via the
electrocrystallization technique has become possible at UMKC.




IIT. 2D-ACAR Experiments

The momentum densities of an organlc superconductor, k-
(BEDT-TTF) ,Cu[N(CN),]Br, were measured using the 2D-ACAR
1nstruments at the Un1vers1ty of Texas - Arlington and at UMKC
[5]. Our results are the first precise measurement to search
for the Fermi surface in 0S using the positron technique. The
results of the 2D-ACAR spectrum are reported and shown in
Figure 3. The experimental data of momentum densities were
the first available to quantitatively compare with the theory

[él.

IV. Theoretical Calculations and the Fermi Surface

The band structure of kx-(BEDT-TTF) Cu[N(CN),]Br was
calculated via a first-principles methoé—-orthogonallzed-
linear-combination-of-atomic-orbital (OLCAO)--in collaboration
with Prof. W. Y. Ching at UMKC [6]. The results of the band
structure and the Fermi surface are shown in Figure 4.
Comparing the experiment of positron results (Fig. 3-bottom)
with the theory (Fig. 4-bottom), a consistent topology was
found but some fine discrepancies existed. This result is the
first direct comparison between the precise 2D-ACAR experiment
and a first-principles theory.

V. Positron Lifetime Experiments and Calculations

A He-cryostat (1.5 K - 300 K) was installed in the
positron laboratory at UMKC. Positron annihilation lifetimes
were measured as a function of temperature between 1.5 K and
300 K in two organic superconductors, k- (BEDT-TTF) ,Cu(NCS), and
k- (BEDT-TTF),Cu[N(CN),]Br. The positron lifetime was founé to
decrease as ihe temperature decreases below T, [7] in both
samples. This was interpreted as a local electron transfer
from the insulating layer to the superconducting layer. Figure
5 shows the variations of the positron lifetime across T..

Extensive positron-electron density calculations were
performed in these OS crystals in order to understand the
positron lifetime variations. Figure 6 shows the calculated
positron-electron density distributions in the k- (BEDT-
TTF),Cu(NCS), system. A similarity of positron lifetime
varlatlon and distribution was observed between ET-based 0S
and oxide high temperature superconductors [8].

VI. Other Research Activities

The newly discovered 0S, A- (BETS),GaCl,[3], was considered
in this work. Preliminary calculatlons of p051tron and
electron densities were made. The available sample size (~
0.1 mm) was found to be too small for positron experiments.




A Compton profile spectroscopy ex?eriment was designed
and prepared for the 0S samples using °'Cr Y-ray sources
generated at the University of Missouri Research Reactor
(MURR) . The initial attempt showed that the available 0S
crystals (mm) are too small for a good Compton profile
measurement (which requires larger than 1 cm dimension) using
a y-ray source. Future development of Compton profile
spectrometry using a synchrotron radiation light source may be
feasible for existing 0S crystals.

Other OS samples, K;C,,, were also considered for positron
experiments. However, sizable and good crystals of C,,-based
superconductors were not available during the proposed period
to be researched in these positron experiments in-situ at
UMKC.
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Fiqure Captions
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1.

2.

Crystal structure of k- (ET),Cu[N(CN),]Br. The ET
presents (BEDT-TTF) molecules.

The magnetization of x—(BEDT--TTF)ZCu(NCS)2 crystals
synthesized at UMKC.

The anisotropy plot of 2D-ACAR raw spectra (top) and
the LCW-folded momentum density (bottom) in x-
(BEDT-TTF) ,Cu[N(CN),]Br crystals.

The calculated band structures (top) and predicted
Fermi surfaces (bottom) of k- (BEDT-TTF) ,Cu[N(CN),]Br.

The variation of positron lifetime vs temperature in
k- (BEDT-TTF) ,Cu(NCS), systems.

Plots of the integrated electron density (top),
positron density (middle), and positron-electron
overlap (bottom) over the bc-plane vs a-axis in k-
(BEDT-TTF) ,Cu(NCS), crystal, based on a first-
principles OLCAO calculation.
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